. Interpretation of computer simulation of stochastic limbal epithelial stem cell replacement in random distributions of blue and white LESCs in a mosaic corneal epithelium (A) The column of blue (positively labelled) and white (unlabelled) squares represents a simulation of 12 blue and 20 white LESCs (37.5% blue) arranged randomly in a vertical array that forms a simulated circle, so the LESC at position 32 is between positions 31 and 1 (so is labelled 32/0). This column represents LESCs arranged in a mosaic, circular limbus at generation 0 (G0). The circular diagram is an interpretation of the vertical array of LESCs, representing a mosaic corneal epithelium, where the LESCs reside at the periphery and produce clones of transient amplifying cells (TACs), which migrate centripetally towards the centre so forming radial stripes of blue or white cells according to the LESC population. The circular tissue is divided into 32 sectors each of which represents a region maintained by a radial clone of cells produced by the LESC at the periphery. The distribution of blue and white LESCs at the periphery matches that shown in the vertical array on the left. The striped pattern at the beginning of the simulation (G0) has 12 blue LESCs, forming 10 blue stripes, and 20 white LESCs, forming 10 white stripes. (B) The diagram on the left shows 11 columns of blue and white LESCs. Each column represents a new LESC generation from G0 on the left to G10 on the right. At each generation an LESC may survive or be replaced by an LESC of the same colour as one of its adjacent neighbours by a stochastic event but only some replacements change the colour of the LESCs. Results are shown for a simulation where each LESC had a 10% chance of being replaced at each LESC division and the display extends to the right at each successive generation. The radial striped patterns on the right show the pattern produced by the arrangement of LESCs at G10. The black stars indicate where the LESCs at G0 have been replaced by LESCs of the other colour at G10. In this case the LESCs were arranged randomly so the expected number of coherent LESC clones is the same as the number of LESCs (120). The observed mean corrected stripe number from the simulations of 121.7 is close to the expected value of 120. The corrected stripe number in (C) shows less variation (smaller variance and percentage coefficient of variation) than the uncorrected stripe number in (A) and unlike the uncorrected stripe number in (B) it is not significantly correlated with the percentage of the minor population of LESCs in the array (D). Abbreviations: % CV, percentage coefficient of variation; r s , Spearman's correlation coefficient; s 2 , variance. P-values for Spearman's correlation are shown in B and D. Figure S3 . Age-related decline in corrected corneal epithelial stripe number Corneal epithelial corrected stripe numbers (± 95% CI), shown in Fig. 1B , re-plotted starting at 5 weeks which is the age when the stripes appear to first emerge (Collinson et al., 2002) . The data approximate a one-phase exponential decay and predicts a corrected stripe number of 123.8 at five weeks, which declines to approximately half this number after 26 weeks (at 31 weeks of age). Age (weeks) Corrected stripe number Figure S4 . Decline in corrected stripe number in simulations with low probabilities of limbal epithelial stem cell loss or replacement The effects of LESC loss or replacement on the corrected stripe number (mean ±95% CI) are shown over 500 LESC generations for 12 sets of 20 simulations for arrays initiated with 50% blue LESCs (A-C) or 80% blue LESCs (D-F). Data were plotted for every tenth generation. (A, D) 0.5% LESC loss or 1% LESC replacement in simulations of 120 LESCs that were randomly distributed at generation 0 (G0). (B, E) 0.5% LESC loss or 1% LESC replacement in simulations of 360 LESCs in clumped arrays of groups of three (random distributions of groups of three same-coloured LESCs, rather than random distributions of single LESCs) at G0. (C, F) 1% LESC loss or 5% LESC replacement in simulations of 360 LESCs in clumped arrays of groups of three LESCs at G0. Corrected stripe number half-lives are shown as t 1/2 LESC generations and were determined for the mean corrected stripe number of the set of 20 simulations as described in the Materials and Methods. The frequency of simulations where both cell populations survived for 500 LESC generations is shown after the half-life. As the corrected stripe number is not calculated if either LESC population is lost (see Materials and Methods), the mean corrected stripe number is based on less than 20 simulations in later cell generations of the cell loss simulations shown in (C), (D) and (F). The comparisons shown here are similar to those shown in Fig. 4 except that, here, the probabilities of LESC loss or replacement are lower so the corrected stripe numbers decline more slowly (with longer corrected stripe number half-lives). Figure S5 . Changes in uncorrected stripe number and percentage blue LESCs in simulations of LESC loss or LESC replacement for arrays initiated with 50% blue LESCs Changes in the mean (± 95% CI) uncorrected stripe number and the mean (± SD) percentage of blue LESCs are shown for sets of 20 simulations over 50 LESC generations. (A-C) Effects of 5% LESC loss and 10% LESC replacement for simulations of 120 LESCs that were randomly distributed at G0. (D-F) Effects of 5% LESC loss or 10% LESC replacement for simulations of clumped arrays with 360 LESCs that were arranged in groups of three at G0. (G-I) Effects of 10% LESC loss or 50% LESC replacement for simulations of clumped arrays with 360 LESCs that were arranged in groups of three at G0. The corrected stripe number half-life is shown as t 1/2 LESC generations (in A, D and G) and was determined for the mean corrected stripe number for the set of 20 simulations as described in the Materials and Methods. The frequency of simulations where both LESC populations survived for 50 LESC generations is shown after the half-life. Abbreviation: SD, standard deviation. In (D-F), data were plotted for every tenth generation and "survival" indicates the frequency of simulations where both LESC populations survived for 500 LESC generations. Loss of the minor cell population was often preceded by survival, for a few cell generations, of a single stripe that was only one cell thick. This produced an abnormally high corrected stripe number so the set of simulations had a large 95% confidence interval. (G-I) The corrected stripe number half-life (G), corrected stripe number at 50 LESC generations (H) and corrected stripe number at 500 LESC generations (I) were compared among the four different array distributions. The Kruskal-Wallis test was used because some results were not normally distributed (P-values are shown). Half-lives shown as t 1/2 LESC generations in (D-F) were defined as explained in the Materials and Methods and determined for the mean of the set of 20 simulations but half-lives in (G) were determined separately for each simulation. Box and whisker plots in (G-I) show the median (horizontal line within the box), upper and lower quartiles (top and bottom of boxes) and the minimum and maximum of all the data (ends of whiskers). Kruskal-Wallis tests P < 0.0001 P < 0.0001 P < 0.0001 Figure S11 . Effects of the initial percentage of blue LESCs and different combinations of LESC replacement and loss on the decline in corrected stripe numbers in simulations of clumped arrays Decline in corrected stripe numbers (mean ± 95% CI; 20 simulations per set) over 50 LESC generations for clumped arrays with 360 LESCs, arranged in groups of three at G0. The effects of 10% LESC replacement, 5% LESC loss and a combination of 5% LESC replacement and 2.5% LESC loss were compared for simulations that had 10% (A), 20% (B), 30% (C), 40% (D), 50% (E), 60% (F), 70% (G), 80% (H) and 90% (I) blue LESCs at G0. Simulations were run for 500 LESC generations and the half-life (t 1/2 ) was defined as explained in the Materials and Methods. Both blue and white LESC populations survived for 50 LESC generations in each set of 20 simulations except for two of the sets of simulations with 10% blue LESCs at G0, shown in (A). For both the set of simulations with 5% LESC loss and the set with 5% LESC replacement plus 2.5% LESC loss, shown in (A), both LESC populations survived in 19/20 simulations. Figure S11 . (A) After 50 LESC generations, the corrected stripe number did not vary significantly among the nine initial percentages of blue LESCs for simulations of 10% LESC replacement (Kruskal-Wallis test; P = 0.8643), 5% LESC loss (P = 0.4984) or the combination of 5% LESC replacement and 2.5% LESC loss (P = 0.9615). However, it did vary among the three combinations of LESC replacement and loss (P < 0.0001 for each of the 9 percentages of blue LESCs) and results for pairwise comparisons by Dunn's multiple comparison test are shown by asterisks in the figure. (B) The corrected stripe number half-life was determined separately for each simulation and did not vary significantly among the nine initial percentages of blue LESCs for simulations of 5% LESC loss (P = 0.3388) or the combination of 5% LESC replacement and 2.5% LESC loss (P = 0.7016). Although it did vary significantly among the nine percentages of blue LESCs for 10% LESC replacement (P = 0.0111), only simulations with 10% and 20% blue differed significantly by Dunn's multiple comparison test (P < 0.05). The corrected stripe number half-life varied among the three combinations of LESC replacement and loss (P < 0.0001 for each of the 9 percentages of blue LESCs) and results for pairwise comparisons by Dunn's multiple comparison test are shown by asterisks in the figure. * P < 0.05, ** P < 0.01, *** P < 0.001, NS = not significant. Box and whisker plots show the median (horizontal line within the box), upper and lower quartiles (top and bottom of boxes) and the minimum and maximum of all the data (ends of whiskers). 360 stem cells in groups of 3 50% blue stem cells at G0 Figure S15 . Example output displays, illustrating the effect of different probabilities of limbal epithelial stem cell replacement for LESC generations 0-50 in arrays with 120 LESCs, randomly distributed on the vertical axis (50% blue LESCs at G0) (A-E) When the probability of LESC replacement was ≤50%, vertical patches of the same LESC population (blue or white) became larger at later LESC generations producing a coarser-grained vertical pattern, which would produce broader corneal stripes. (F-J) When the probability of LESC replacement was higher than 50%, fine-grained, vertical patterns of alternating blue and white LESCs often arose, which frequently switched back and forth at each generation. This resulted in a combination of a coarse-grained pattern, of large blue and white vertical patches of LESCs, and a fine-grained pattern of alternating individual blue and white LESCs. Figure S17 . Effects of array size on corrected stripe number in simulations of 10% limbal epithelial stem cell replacement in arrays with 50% blue LESCs at G0 (A-F) Decline in corrected stripe number (mean ± 95% CI; 20 simulations per set) over 50 (A-C) or 500 (D-F) LESC generations for arrays with 120, 240 and 360 LESCs in simulations of random distributions of blue and white LESCs (A, D), clumped arrays with LESCs arranged in groups of two at G0 (B, E) and clumped arrays with LESCs arranged in groups of three at G0 (C, F). Simulations were run for 500 LESC generations and both LESC populations survived for 500 LESC generations in all sets of simulations. In (D-F), data were plotted for every tenth generation. In (A-F) , the corrected stripe number half-life, shown as t 1/2 LESC generations, was determined for the mean corrected stripe number. (G) Box and whisker plots of the corrected stripe number halflives, determined separately for each simulation [t 1/2 (i)] and analysed by non-parametric KruskalWallis tests for the different combinations of array size and array type. P-values are shown on the graph for comparisons among array sizes and beside the graph for comparisons among array types. Dunn's multiple comparison tests were used for pairwise comparisons of array sizes, within the same array type, and the only significant difference is shown by an asterisk: *P < 0.05; NS, not significant. P-values are shown; NS, not significant. The half-life was >500 for two of the 20 simulations of random arrays of 120 LESCs and the value 500 was used for the statistical tests. (Half-lives tended to be more variable in the smaller arrays and the clumped arrays, where the corrected stripe number declined more slowly.) Box and whisker plots show the median (horizontal line within the box), upper and lower quartiles (top and bottom of boxes) and the minimum and maximum of all the data (ends of whiskers). Figure S18 . Effects of array size on corrected stripe number in simulations of 90% limbal epithelial stem cell replacement in arrays with 50% blue LESCs at G0 (A-F) Decline in corrected stripe number (mean ± 95% CI; 20 simulations per set) over 50 (A-C) or 500 (D-F) LESC generations for arrays with 120, 240 and 360 LESCs in simulations of random distributions of blue and white LESCs (A, D), clumped arrays with LESCs arranged in groups of two at G0 (B, E) and clumped arrays with LESCs arranged in groups of three at G0 (C, F). Simulations were run for 500 LESC generations and, in (D-F), data were plotted for every tenth generation. In (A-F) , the corrected stripe number half-life, shown as t 1/2 LESC generations, was determined for the mean corrected stripe number and "survival" indicates the frequency of simulations, in the set of 20, where both LESC populations survived for 50 (A-C) or 500 (D-F) LESC generations. (G) Box and whisker plots of the corrected stripe number half-lives, determined separately for each simulation [t 1/2 (i)] and analysed by non-parametric Kruskal-Wallis tests for the different combinations of array size and array type. P-values are shown on the graph for comparisons among array sizes and beside the graph for comparisons among array types. Dunn's multiple comparison tests were used for pairwise comparisons of array sizes, within the same array type, and the only significant difference is shown by an asterisk: *P < 0.05; NS, not significant. (Half-lives tended to be more variable in the smaller arrays and the clumped arrays, where the corrected stripe number declined more slowly.) Box and whisker plots show the median (horizontal line within the box), upper and lower quartiles (top and bottom of boxes) and the minimum and maximum of all the data (ends of whiskers). iii/x * For consistency with terminology used for studies of mosaic mice, we refer to 'stripe numbers' in the text rather then 'patch numbers' 
N/A, not applicable. Table S4 . Changes in LESC numbers for sets of 20 simulations of LESC loss (see Fig. S13A-D) A. Arrays of 120 LESCs with 50% blue LESCs that were randomly distributed at G0 3-4 † Frequency of simulations where at least some LESCs survived to generation 50 or 500 (as specified). † † Mean number of LESCs at generation 50 or 500 ± 95% confidence interval and range. † † † t 1/2 (i) is the LESC number half-life in LESC generations, defined as explained in the Materials and Methods and determined separately for each simulation. This is shown as the mean ± 95% CI and range for 20 simulations per set. Table S5 . Changes in corrected stripe numbers for sets of 20 simulations of LESC loss (see Fig. S13E-H) A. Arrays of 120 LESCs with 50% blue LESCs that were randomly distributed at G0 Probability of LESC loss (%)
Probability

Stripe survival frequency
Corrected stripe number and t 1/2 (i) (Mean ± 95% CI and range) G50 Table S6 . Changes in corrected stripe numbers for sets of 20 simulations of LESC replacement for arrays of 120 randomly distributed LESCs with 50% blue LESCs at G0 (see Fig. S14A, B 
>500
b † Frequency of simulations where both LESC populations survived to generation 50 or 500 (so stripes existed). † † t 1/2 is the corrected stripe number half-life, expressed in LESC generations. It was defined as explained in the Materials and Methods and determined for the mean corrected stripe number. The t 1/2 (i) value was determined separately for each individual simulation and is shown as the mean ± 95% CI and range for 20 simulations per set. a As the corrected stripe number was not calculated when one or both LESC populations were lost, in some cases, the mean, 95% CI and range were calculated from less than 20 simulations (shown as n). b For randomly distributed arrays with 100% LESC replacement, there was a trend for the mean corrected stripe number to increase and this mean value did not fall to half of the original value within 500 LESC generations so the t 1/2 value was recorded as >500. However, the corrected stripe number varied widely in individual simulations and t 1/2 (i) values are shown for those individual simulations (9/20) where the corrected stripe number fell to half of the original value, or lower. For the remaining 11/20 individual simulations, the corrected stripe number half-life, t 1/2 (i) was greater than 500 LESC generations. 
c † Frequency of simulations where both LESC populations survived to generation 50 or 500 (so stripes existed). † † t 1/2 is the corrected stripe number half-life, expressed in LESC generations. It was defined as explained in the Materials and Methods and determined for the mean corrected stripe number. The t 1/2 (i) value was determined separately for each individual simulation and is shown as the mean ± 95% CI and range for 20 simulations per set. a As the corrected stripe number was not calculated when one or both LESC populations were lost, in some cases, the mean 95% CI and range were calculated from less than 20 simulations (shown as n). b The t 1/2 (i) values (± 95% CI and range, where appropriate) are shown for the individual simulations (n) where the corrected stripe number fell to half of the original value, or lower, as defined in the Materials and Methods. For the remaining individual simulations, the corrected stripe number half-life, t 1/2 (i) was greater than 500 LESC generations. c Where the mean corrected stripe number did not fall to half of the original value within 500 LESC generations, the t 1/2 value was recorded as >500.
